This investigation aims to assess species comparison of foramen magnums in two hystricomorphs and endeavors an inter-species categorization of individual shape outline.This study utilized thirtyfive (35) skull samples of different ages from the crested porcupine (H. cristata) (17) and the greater cane rat (T. swinderianus) (18) through Elliptical Fourier Analysis, and: the two-block Partial Least Squares analysis Elliptical Fourier Descriptor analyses presented marked amplitude related attenuations according to harmonics factor (1/10 to 2,980) in T. swinderianus though angular orientations in the major axis were not profoundly affected by size-normalization in this species but up-regulated in H. cristata; (1/10 to1/95). Within and between groups analyses revealed PC1&2 contributed 98.94% and 1.06% but 100% PC1 between groups. 11.1% in T. swinderianus; 5.9% in H. cristata). Individual specimen distribution along discriminant axis pooled by discriminant scores depicted less morphologic variability with greater overlaps.We observe that complexities in foramen magnum architecture between these indicates parcellation of shape and size variance and contributes as evidence for structural evolution, systematics, fundamental similarities and differences offers an explanation that both are related through evolutionary process of descent as baseline data and further support the suggestion; hystricidae in phylogenetic tree are better evolved and separate from thryonomidae.
INTRODUCTION
The Non-flat topography of the foramen magnum as a solid structure may be evaluated by model parametrization through Elliptical Fourier analysis (EFA) with regards to its peculiar scalar anisotropy and employed in discriminating among organism population.
Rodential species in Hystricomorpha group correctly comprises the Hystricidae (Porcupines), Bathyergidae (Sand-diggers), Thryonomydae (Grasscutters) and Petromuridae (African rock-rats) with the Phiomydis (African teotiary) as common tribe group. The crested African porcupine (Hystrix cristata) are more widely distributed in Sub-Saharan Africa, Italy and North America (Angelici and Luiselli (2003) compared to a more geographically restricted Cane rats found exclusively in Africa with wide sub-regional distribution in West African (Asibey (1974) ; NRC (1991) . Represented by a single species; Thryonomys, most of the species, subspecies and breeds described may be aligned to 3 one of the following groups: T. swinderianus (the larger/greater grasscutter) and T. gregorianus (the smaller grasscutter) (Hautier et al (2015) .
Form and function have been shown to be present and correlated in shape change as adaptation to specific ecologies in a widespread range of organismal traits (Hutchinson (2012) ; Randau and Goswami (2018) . The foramen magnum by its diverse morphology holds vital keys on skull topologic characterization among species (Fayolle et al (1982) but also presents peculiar challenges in its anatomic profiling (Janeczek et al (2011) . Diversity in mammals is most represented in rodents, with astonishing ecomorphological diversification related to different locomotor types (cursorial, terrestrial, scansorial, arboreal and fossorial) and neurological functions (Musser & Carleton (2005) ; Kay & Hoekstra, (2008) ; Hautier et al (2015) . From functional perspectives, studies on the foramen magnum can provide insights into the selective pattern operating during early ontogeny which ultimately determine the adult form of an organism (Herrel et al (2008) . This may help to understand systematic position in taxa, this structure is characterized by highly derived anatomical features more so that size and shape architecture presents important individual variations which demonstrate phylogenetic convergence in taxon (DeLahunta (1983) . The development of the foramen magnum depends largely on genetic composition, ecology and diet. Morphological variations in individuals especially open and dorsal notches has been linked to neuropathologic manifestations though without any certainty (Janeczek et al (2011) .
Importantly, different zygomasseteric conditions obtainable in rodents are not biomechanically equivalent and may enable rodents to be more efficient at different diet types.
Hystricomorphy (possession of a large infraorbital foramen in Ctenohystrica + Anomaluromorpha + Dipodidae) through which the medial masseter passes as seen in Jerboas, porcupines and Capybaras (Pares-Casanova (2017) favoring efficient molar chewing whereas myomorphs are well adapted to all feeding modes and generates efficient incisor gnawing which may impact on occipital area morphology (Fabre et al (2017) , Recent works has shown that these ecologically-driven shape changes, though mostly concentrated in the cranium, morphometric studies in this regard have played important roles in resolving taxonomic problems (Cardini & Thorington (2006) . In comparison to studies in felids, it has been demonstrated that with skull and limbs measurements it was possible to correctly discriminate between species' Existing relevant works includes, Angelici and Luiselli (2003) who studied morphometric variations on the skull of the Italian crested porcupine (Hystrix cristata), Parés-Casanova (2017) on Hydrochoerus hydrochaeris 4 More specifically our aim is to test the following hypotheses 1. Size influences subterranean shape differences between these species in ontogeny and allometric perspectives 2. Species follow distinct phenotypic patterns of skull components shape changes in relation to broad phylogenic distances.
3.
There are no significant discriminations in subterranean shape and size for the foramen types in both species.
In this study we describe the morphology of the foramen magnums in two populations of hystricomorpha in order to characterize putative specializations by comparing the anatomy of this structure in H. cristata to its closely related family member T. swinderianus. relating it to morphophysiology of locomotion and neurology in both species using the Elliptic Fourier descriptors (EFA) in description of complex outlines as used by Urbanova (2010) in which homology of landmarks are not important while details of shape outlines may be explained geometrically. The current investigation analyses of EFA descriptors of foramen magnum outlines employed variationcovariation by step-wise reconstructions in separate species groups irrespective of sex bias with contributions of principal components of the coefficients to assign quantities (Iwata and Ukai (2002) , compare both inter individual, interspecies variability and evaluate ontogeny. Here we test for shape and size covariations between the foramen magnums of the crested Porcupine and the Greater cane rat related to phylogenetic constraints.
MATERIALS AND METHODS
Skull acquisition and categorization-For the purpose of this study twenty (20) skull samples in equal composition and of different ages from the crested porcupine (H. cristata) and the greater cane rat (T. swinderianus) were obtained from around the same area (south-western region of Nigeria); a west African sub-region. Samples included for this investigation consist of complete skulls without apparent pathologies and were selected irrespective of sex. Some of these are from collections from the College of Veterinary Medicine, Federal University of Agriculture Makurdi, Benue State, Nigeria.
Foramen magnum outlines extraction-Using a digital camera (Canon® EOS equipped with EF-S 1200D, 18-55 IS 11 Kit, Hama tripod with plumb and stabilizer) in a direct focal plane, photographic images were taken in a direct caudal view of skulls without mandibles in place ( fig. 1) 
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at a constant DIN of 25cm to a central point on the foramen magnum. Transparent tracing paper with cartesian co-ordinates was placed on captured images represented on the x, y co-ordinates. Based on Freeman encoding which allows us to represent edges in a numerical data structure which can be manipulated algebraically for extracting the EFD. Images were processed in Microsoft paint as 24-bit depth BMP pictures at 2179 x 430 pixels specified for SHAPE chain coder (chain coder/Freeman edge encoding utilizes a coding system in the description of geometrical information about contours/closed shapes numbered 0-7) program software package for 2-D quantification and evaluation of biological shapes recognition and visualization. It binarizes a full color picture to black and white, in a clock-wise (y-x) directions the scanned outline tracings were digitally processed and data on foramen magnum outline contours were produced as cartesian co-ordinates (x, y) on a scale of 50mm (Iwata and Ukai (2002) ; Urbanova (2010).
By using the geometric morphometric approach, variation in form can be captured and the allometric and non-allometric components can be disentangled (Zelditch et al (2012) .
To perform this analysis, we used Elliptical Fourier Analysis, and: the two-block Partial Least (aj, bj) and (cj, dj) were the four Fourier coefficients defining each harmonic (j th order); k corresponds to the maximum number of harmonics used for the Fourier decomposition and T was equal to the perimeter of the outline. The coefficients of elliptic Fourier descriptors can be mathematically normalized to be invariant to size, rotation and starting point of the contour trace. In SHAPE, the coefficients can be normalized by two types of procedures; one based on the ellipse of the first harmonic and the other based on the longest radius. For detailed information about the normalization, see Kuhl and Giardina (1982) .
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Size normalization of foramen outlines coefficients-A recalculation of descriptors after size normalization of foramen magnum outlines to be invariant of size was done based on first ellipse (first harmonic) using Chc 2-NEF SHAPE vers. Elliptical Fourier reconstructions-Stepwise reconstructions of foramen magnum outlines were carried out with incremental harmonics number employing descriptors derived from EFD. Tables 1-3 The series of increment in harmonics demonstrated a general gradual decline in major and minor axis lengths/2 in both species after an initial increase up to the 4 th and 3 rd harmonics irrespective of species and respectively (Tables 1 and 2 ). Similar trends occurred in their elliptical magnitude values; in H. cristata this follows as earlier described decreasing through the first four harmonics, the 5 th and 7 th followed no particular order whereas T. swinderianus shows great disparity in this regard as it fluctuates in magnitude with values inferior to those in the crested porcupine (Table 3) . From the 6 th and 4 th harmonics in H. cristata and T. swinderianus respectively these descriptors present values which are inferior or equal to 1% of the 1 st harmonic values ( Table 2 ).
RESULTS

Summary statistics and species-based quantitative analysis of EFD-
The magnitudes of the ellipses assumed similar proportions earlier in the 5 th and 2 nd harmonics in both species respectively (Table 3) .
Orientations of Major axis corresponding to the third descriptor in both species (between 2.13 to 271) is not associated with any harmonic order but characteristic of both (Table 2 ).
In Table 3 , the elliptical anisotropy (1.35 to 100) was characteristic of each harmonic in the species but did not represent any harmonic order.
Descriptor values revealed in size-normalization results for the species showed marked amplitude related attenuations according to harmonics factor about (1/10 to 2,980) especially in T.
swinderianus though angular orientations values of the elliptical major axis were not so affected by size-normalization in this species but rather up-regulated in H. cristata according to harmonics (factor around 1/10 to1/95). Reproducibility of the research methodology stems from relative ease of access to developed software packages for compatible personal computers facilitating image data processing from above 1,713 sample points on each specimen may suggest an enhanced accuracy, data compression and interpretation for analysis which can be moved from place to place and encourages quick dissemination for collaborating researchers. in the hystricognathi sub-family tree. It is admitted that higher species in the phylogeny tree of a group demonstrate better evolved body structures (Hallgrimson et al (2002; 2004) . Outside size-12 normalization i.e. size and shape components of foramen magnum outlines; 58.3% and 66.7% are similar in the crested porcupines and cane rats outline respectively, they are significantly dimorphic and dissimilar (41.2%, 33.3% in the same order) in both size and shape components in accordance with our second hypothesis. The organization of the foramen magnum in the studied samples seem to be segregated along ecological and dietary lines since the greater cane rat must of necessity rotate the head forcefully to achieve complete severance and shredding of plant fibers (Asibey (1974) suggesting a prominently developed foramen magnum lateral condyles though further studies in this direction may be necessary to confirm this observation. A constructed phylogenetic tree showing the most parsimonious trees by the branch and bound algorithm with a strict consensus of their average shapes by the Procrustes distance showed close similarity in clustering pattern and tree length (0) ( fig. 10 ).
Inter-specific discrimination in foramen magnum phylogenic and evolution-Recent
Functional perspectives in comparative assessments of foramen magnum outlines during ontogeny between H. cristata and T. swinderianus-Ontogenetic changes in foramen magnum growth
is associated with development in the presence of directionality from historical earlier to later time and from younger to older organisms (Drake and Klingenberg (2008); Weisensee and Jantz (2011).
Evidence for its structural evolution explains the fundamental similarities between these species and have a straightforward explanation in the idea that both are related through an evolutionary process of 
